The human KOC gene which is highly expressed in cancer shows typical structural features of an RNA binding protein. We analyzed the temporal and spatial expression pattern of KOC in mouse embryos at different gestational ages. The expression of KOC seems to be ubiquitous at early stages. During advanced gestation highest KOC expression occurs in the gut, pancreas, kidney, and in the developing brain. The expression pattern of KOC was compared to its Xenopus homologue Vg1-RBP during frog development. Similar expression was found in these organs suggesting an important functional role of the homologous proteins in embryonic development. q
Results
There is growing evidence that RNA binding proteins play a central role in mRNA regulation during development (Curtis et al., 1995; Siomi and Dreyfuss, 1997; Bashirullah et al. 1998) . The important and highly conserved functional domains of RNA-binding proteins are the RNP (ribonucleoprotein) motif (Burd and Dreyfuss, 1994) and the K homology (KH) domain (Francis et al., 1995; Draper et al., 1996; Zorn and Krieg, 1997) . Two known functions of KH domain containing proteins are the regulation of mRNA stability and localization within the cell (Leeds et al., 1997; Ross et al., 1997) . For instance, Vg1-RBP (Vg1 RNA binding protein) has been shown to be involved in the direct localization of the Vg1 mRNA to the vegetal cortex of Xenopus laevis late stage III early stage IV oocytes (Elisha et al., 1995; Havin et al., 1998) . Recently, we identi®ed a novel KH domain protein, KOC (KH domain containing protein overexpressed in cancer) which is only expressed in human cancer tissues and normal placenta (Mueller-Pillasch et al., 1997) . The alignment of human KOC and Xenopus Vg1-RBP protein revealed a 84% identity throughout the whole amino acid sequence. Also, only Vg1-RBP was identi®ed in a Xenopus laevis cDNA screen using human KOC as a probe. Therefore, it is most likely that Vg1-RBP is the Xenopus homologue of human KOC. Various KH domain proteins play a central role in growth and development. Therefore we studied the expression of KOC during human and mouse development. We previously showed, that KOC is overexpressed in pancreatic cancer. Therefore, a particular interest was focused on pancreatic development. To date, only few genes, including Pax4 and Pax6, are known to be involved in pancreatic development St-Onge et al., 1997) . By Northern blot analysis we detected KOC mRNA at low levels in 14-week-old fetal human pancreas. A peak value of KOC transcripts was reached at week 18 of gestation (data not shown). By this time the acinar cells start exhibiting a mature pattern of organelle orientation with basal nuclei and apical mature zymogen granules. Based on the expression pattern (99)00160-4 www.elsevier.com/locate/modo of the human KOC gene during pancreatic development we assume that KOC plays an important role in differentiation processes of the exocrine pancreas during human embryogenesis. To obtain more data on the involvement of KOC in development we studied the organ speci®c expression of KOC in the developing mouse. KOC exhibits a remarkable temporal expression pattern during embryonic development in mouse (Fig. 1) . Expression of KOC seems to be ubiquitous at early stages suggesting functional roles in widespread processes. (Fig. 2a) . During advanced gestation highest KOC expression occurs in derivatives of all germ layers, including intestine, thymus, pancreas, kidney and in the developing brain (Fig. 2b) . During late gestation the expression is restricted to the deep area of intestinal crypts and the thymus. On the second postnatal day KOC expression was no longer detectable in the gut epithelium.
The remarkable homology between Vg1-RBP and KOC may indicate that both proteins have a similar functional role during embryogenesis. Therefore, we compared the expression of KOC during fetal development in mice to the expression of Vg1-RBP during frog embryogenesis. RT-PCR analysis of Vg1-RBP in progressing developmental stages of Xenopus reveals peak values of Vg1-RBP transcripts at late neurula (stage 19; Nieuwkoop and Faber, 1975) . This high level of expression persists until stage 38, but it decreases to stage 50 (Fig. 3, upper) . Whole mount in situ hybridization analysis indicates that during early neurula stages, transcription becomes restricted to neuroectoderm, thereby demarcating the neural plate (Fig.  3B) . At late neurula stage in Xenopus, we observed a strong expression of Vg1-RBP in neural crest cells. Furthermore, we could show that both transcripts, KOC and Vg1-RBP are highly expressed during development in various organs, including brain, sense organs, kidney and gut in mouse and frog, respectively. The role of Vg1 itself in the development of the mentioned organs is so far unclear, but Joseph and Melton (1998) could demonstrate that a block of Vg1 signaling in Xenopus embryos prevents the formation of dorsal mesoderm, affects the endoderm development and blocks the expression of the early endodermal marker, Xlhbox8, a gene coding for a transcription factor expressed in dorsal vegetal pole cells and later in the pancreas (Wright et al., 1988) . It has also been shown that the mouse Xlhbox8 homologue, Pdx-1, is required for the determination and differentiation of the posterior foregut, particularly regarding the pancreatic outgrowth and differentiation of the rostral duodenum (Of®eld et al., 1996) . Further studies will show, if Vg1-RBP in frog or KOC in human are both involved in differentiation processes leading to functioning organs like the pancreas and gut.
Methods

Northern blot analysis
Poly(A)
1 -RNA from human fetal pancreas was provided by the Genetics Institute, Boston, MA, USA. Northern blots and hybridization procedures were done as described elsewhere. Poly(A) 1 -RNA blot from mouse embryos was purchased from Clontech.
In situ hybridization on mouse and frog embryo sections
The mouse KOC I.M.A.G.E. clone IMAGp998D031297 (RZPD of the German Human Genome Project, Berlin) was used to prepare sense and antisense riboprobes. For in situ hybridization on frog embryo sections we used the Xenopus Vg1-RBP cDNA (Acc.No. AF064633). The experimental procedures were done as described by Mueller-Pillasch and co-workers (Mueller-Pillasch et al., 1997) . 
RT-PCR analysis
Two micrograms of total RNA from different stages of Xenopus embryos were used for cDNA synthesis. The following oligonucleotides of Xenopus laevis Vg1-RBP cDNA were used as primers in the PCR:
Whole mount in situ hybridization on Xenopus laevis embryos
Vg1-RBP transcripts in Xenopus embryos were detected using the whole mount technique (Harland, 1991) with some modi®cations as described (Kaufmann et al., 1996) . In situ hybridization was performed with digoxygenin-labeled antisense RNA transcribed from the translated region of the Xenopus laevis Vg1-RBP cDNA. Nieuwkoop and Faber, 1975) was performed using a speci®c set of Vg1-RBP primers (upper). Transcription of the ubiquitous histone H4 gene served as an internal control. Whole mount in situ hybridization (lower) was carried out with digoxygenin labeled antisense RNA at different developmental stages (Nieuwkoop and Faber, 1975) 35 S] rUTP labeled Vg1-RBP antisense RNA as probe. Anterior of the embryo is to the right, bright ®eld is upper, dark ®eld is bottom. a: archenteron, ba: branchial arch, bl: blood islands, cg: cement gland, dl: dorsal lip, e: eye, fb: forebrain, g: gut, hg: hindgut, hmc: head mesenchyme, l: lens, ld: liver diverticulum, ms: mesencephalon, n: notochord, nc: neural crest cells, nf: neural fold, np: neural plate, nt: neural tube, pa: pancreas, pnt: pronephros tubules, rh: rhombencephalon, ov: otic vesicle.
